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^0 Control apparatus. 

est 

© Control apparatus comprising a lever, foot pedal 
©or other operating member which is coupled to an 
Anelectrical stepper motor operable, under the control 
Wot a computer say, to generate detents and feel 
forces resisting the movement of the member and 
thereby impart information to the operator. For ex- 



ample, a detent or position of marked resistance can 
be introduced into the movement range of say a car 
throttle pedal to indicate to the driver a pedal posi- 
tion giving optimum economy of fuel. The detent 
position can be changed within the overall range of 
pedal movement in dependence upon instant driving 
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parameters such as speed. As well as detents, pro- 
grammed and/or external condition dependent feel 
forces can be generated. 
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CONTROL APPARATUS 



This invention relates to certain developments 
,and improvements in control devices of the kind 
disclosed in our UK Patent Application No. 
2,073,887a, which control devices enable an oper- 
ator to control associated apparatus to which, in 
use, the control device is connected. By way of 
example, the control device may be a thrust de- 
mand unit ('throttle box 1 ) for controlling an engine 
of an aircraft. Amongst other, UK Patent No. Ap- 
plication 2,073,887A discloses embodiments of 
control devices wherein the movement of a man- 
ually movable control member effects a control 
action on the associated apparatus, via suitable 
output means such as a position encoder and 
electrical signal link or a mechanical coupling, and 
wherein an electrical stepper motor is connected to 
the control member and is so energised by a 
computer controlled motor drive that a noticeable 
increase in the resistance to manual movement of 
the control member is generated by the motor 
when the control member is at one or more pre-set 
detent positions in its overall range of movement. 
In addition or as an alternative, the computer may 
control the motor drive system so as to generate a 
controlled feel force resisting the manual move- 
ment of the control member throughout its range of 
movement. As well as the above, the control device 
may be operable for being set into an automatic 
control mode in which the computer drives the 
stepper motor to produce motor driven movement 
of the control member. 

According to one aspect of the present inven- 
tion, there is provided a method for the operation of 
a control device comprising a manually movable 
control member (5,35,55,200,301), output means - 
(2,14,33,52,302,402) for exerting a control action on 
associated equipment in dependence upon the 
movement of the control member, and a computer 
driven electrical stepper motor (6,31,51,306) coup- 
led to the control member, the method including 
providing the computer (1.101,318.406) with infor- 
mation about the position of said control member 
within its range of movement and using the com- 
puter to control the energisation of said motor so 
as to generate a noticable increase in resistance to 
the manual movement of the control member 
through at least one detent position in said range, 
the method being characterized in that the com- 
puter is further provided with information about one 
or more physical variables affecting said associated 
equipment and the computer uses said information 
to calculate the location of said detent position 
such that said location changes during use of the 
control device in dependence upon changes in said 
one or more variables. 



According to a second aspect, there is pro- 
vided a control device for controlling the operation 
of associated equipment, for example apparatus on 
board an aircraft or road vehicle, the control device 

5 comprising a manually movable control member 
(5,35,55,200,301), an electrical stepper motor 
(6,31,51,306) coupled to the control member, a 
sensor (18,102,12,33,52,302) for sensing the posi- 
tion of the control member within its overall range 

io of movement a computer (1,101,318,406) connect- 
ed to the sensor and the stepper motor for ener- 
gising the motor to produce a noticeable resistance 
to said manual movement of the control member 
through at least one discrete detent position of the 

rs control member, and output means 
(2,14,33.52.302.402) for transmitting a control ac- 
tion to said associated equipment dependant upon 
the position of the control member, characterised in 
that the control device further comprises signal 

20 supply means (103) for supplying to the computer 
(1,101,318,406) signals indicative of at least one 
physical variable affecting said associated equip- 
ment and said computer is programmed to respond 
to said signals to vary the location of said detent 

25 position in dependence upon said physical vari- 
able. 

According to a third aspect, there is provided a 
motor driven vehicle comprising a control device in 
accordance with the second aspect as described 
- 30 above, the control device being connected to con- 
trol the operation of speed varying apparatus on 
board the vehicle, said signal supply means com- 
prising transducer means for forming signals repre- 
senting at least one physical variable which is 
35 linked with the operating economy of the vehicle, 
and the computer is programmed to calculate from 
said signals a setting of said speed varying appara- 
tus optimised for said economy and to correspond- 
ingly locate said detent position in the range of 
40 movement of the control member. 

According to a fourth aspect of the invention, 
there is provided an aircraft comprising a control 
device in accordance with the second aspect de- 
scribed above, the control device being connected 
45 to control the throttle setting of an engine of the 
aircraft said signal supply means being operable 
to supply a signal indicative of aircraft altitude, and 
the computer being programmed to vary the loca- 
tion of said detent in dependence upon said al- 
so titude. 

For a better understanding of the invention, 
reference will now be made by way of example to 
the accompanying drawings, in which:- 
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Figure 1 is a diagrammatic view of an accel- 
erator control for a motor vehicle, the control being 
coupled to a device for generating an advisory 
detent position in the movement of the control, 

Figure 2 is a sectional view of the detent 
force generating device of Figure 1, 

Figure 3 is a block diagram of a system for 
generating one or more detents and/or a feel force 
in association with the movement of a control 
member, and 

Figure 4 is a simplified diagram of part of an 
aircraft throttle box. 

Figures 5 and 6 are a sectional plan and a 
sectional elevation of a control device. 

Figures 7, 8, 9 and 10 are diagrammatic 
views of respective further control devices and 

Figures 11, 12 and 13 are simplified circuit 
diagrams of respective drive/interface circuits for 
use in conjunction with control devices. 

Referring to Figure 1, a motor vehicle may 
comprise a series of transducers (not shown) for 
forming electrical signals indicative of respective 
operating conditions of the vehicle and a signal 
processing device 1 for receiving those signals and 
using them to determine a vehicle control setting 
which, given the relevant conditions, optimises 
some predetermined further operating parameter. 
Thus, in the illustrated case, the transducers in- 
dicate the road speed of the vehicle and the speed 
of its engine, the selected driving gear, engine and 
air temperature, and the pressure of the air or 
fuel/air mixture within the engine inlet manifold. The 
signal processing device, which may comprise a 
microprocessor based computer system, deter- 
mines from these parameters a throttle setting to 
give maximum fuel economy. By way of example, 
the signal processing device could be operable, in 
dependence upon the signals it receives, to select 
an accelerator setting value from a stored set of 
such values, Le. a kind of look-up table, the stored 
values having been derived by separate experi- 
mentation with the same or a similar vehicle and 
engine over appropriate ranges and combinations 
of the likely operating conditions. The signal pro- 
cessing device may be operable simply to select 
the most nearly appropriate value from the look-up 
table or it may be operable to interpolate between 
these values in ways known in connection with 
look-up table operation of computer systems. Alter- 
natively, in cases where fuel economy is linked to 
values of the transduced operating conditions and 
the accelerator setting by electronically calculable 
functions, the signal processing device may be 
operable to calculate the optimum accelerator set- 
ting directly from the transduced conditions, or 
passible the device may operate by a combination 
of direct calculation and reference to a look-up 
table. 



The accelerator control shown comprises the 
usual foot pedal 2 connected by say a Bowden 
cable (not shown) to the engine speed control 
device, for example to a carburettor valve. The 
5 pedal is supported by a pivot mounting 3 and, 
pivotably connected to the pedal near the foot 
engaging portion 4 thereof, is one end of shaft 5 by 
which the pedal is coupled to a detent force gen- 
erating device 6. 

io Referring to Figures 1 and 2 together, the 

device 6 comprises/an elongate box-like housing 7 
which has two lugs 8 extending from one side 
thereof at opposite ends of the housing and of 
which one end is pivotably connected to the 

75 cabin/engine compartment bulkhead 21 of the ve- 
hicle. The shaft 5 is mounted in two bearing 
bushes 9 supported by respective ones of the lugs 
and is able to move in the direction of its axis in 
response to movement of the accelerator pedal. 

20 Within the housing 7 are contained the stator 

10 and mover 11 of the linear stepper motor of the 
kind disclosed in our UK patent application No. 
2.073.887A. The stator 10 consists of an elongate 
cylindrical member 12 made of magnetisable ma- 

25 terial and formed with a series of annular recesses 
to leave defined intervening pole teeth 13. The 
recesses are filled with non-magnetic material 14. 
such as copper, and the whole is covered by a thin 
plating 15 of material having good sliding prop- 

30 erties, chromium for example. Meanwhile, the mov- 
er 1 1 comprises a cylindrical housing within which 
is mounted an electro-magnetic pole assembly. 
This pole assembly is not shown but, as described 
in patent application No. 2,073,887A to which atten- 

35 tion is directed , it may comprise two ring-shaped 
poles each carrying a winding and each having two 
spaced sets of annular grooves in its internal sur- 
face to define respective sets of pole teeth. Be- 
tween the poles is a magnet assembly including a 

40 rare-earth permanent magnet. The pitch and spac- 
ing of the mover pole tooth sets and the stator pole 
tooth pitch are such that, by properly sequencing 
the energisation of the mover windings, the mover 
can be stepped along the stator between adjacent 

45 ones of a series of positions at which the reluc- 
tance to flow of magnetic flux energy between 
mover and stator is a minimum. While the mover is 
at one of these minimum reluctance positions, the 
force needed to move it out of that position de- 

50 pends on the level of energisation applied to the 
windings. Thus the resistance to manual movement 
of the mover can be varied to give a desired level 
of *feer in that movement and/or, when the mover 
is being manually moved through one or more 

55 predetermined positions in its range, the winding 
energisation can be increased from a normal stand- 
ing level so as to generate a marked resistance or 
•detent* at that or those positions. 
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Connected to the mover is an actuator arm 16 
which extends from an elongate slot in the housing 
wall between the lugs 8 and is there attached to 
shaft 5. A compression spring 17 is engaged ar- 
ound shaft 5 to act between arm 16 and that one of 
the lugs 8 which is furthest from the pedal 2. 

Within the housing 7, the mover 11 is coupled 
to a position encoder 18 which, in this case, takes 
the form of a potentiometer with a resistive and a 
conductive track formed on a fixed substrate 19 
and a bridging contact 20 movable with the mover 
11 so as to bridge the tracks at a position depen- 
dent upon the position of the mover and thereby 
give a resistance value between the track end 
terminals which is also dependent upon the mover 
position. The encoder may have more than one 
pair of tracks and bridging contact in order to give 
a degree of redundancy. Alternatively, any other 
suitable form of position encoder may be used, for 
example any of those disclosed in UK patent ap- 
plication No. 2,073,887A. 

The device 1 is constructed and/or pro- 
grammed to compare the instant position of the 
mover 11, and hence in effect the instant position 
of pedal 2, with the optimum position determined 
from the transduced operating conditions as de- 
scribed earlier. On the basis of the comparison, the 
device 1 so controls the energisation of the win- 
dings of mover 11 that depression of the pedal 
down to the optimum position is comparatively 
easy while movement past this point is met by a 
resistance which, although substantially increased, 
can nevertheless be overcome if desired. 

It will of course be appreciated that the point at 
which the increased resistance is felt is not fixed as 
would be the case if some simple mechanical 
detent system were coupled to the accelerator 
pedal. Rather the detent position with the described 
apparatus is varied so as to indicate the optimum 
accelerator position or optimum maximum accel- 
erator for a range of the other operating conditions. 

If desired, the described apparatus can be pro- 
vided with additional facilities such as the ability to 
maintain a particular accelerator position. For this, 
a driver control switch 22 is provided and, when 
operated, this instructs the device 1 to increase the 
winding energisation of mover 11 to a level at 
which the pedal 2 is held in position against the 
return force of spring 17 and any other springs 
which may be included in the accelerator control 
linkage. 

Instead of just holding the pedal position, the 
processor device 1 could act to maintain the road 
speed of the vehicle constant For this, the device 
1 could register the transduced signal representing 
road speed at the time when control switch 22 is 
operated and then, on the basis of a comparison 
between the registered and presient value of the 



road speed signal, could so energise the windings 
of mover 11 when necessary that the mover is 
actually driven along the stator, the position of 
pedal 2 being thereby adjusted to maintain road 

s speed constant. While a constant road speed mode 
is selected, the device 1 could be operable, on the 
basis of engine speed for example, to sense the 
desirability of selecting a lower gear sometimes in 
order to hold the desired speed, and to indicate 

io this to the driver via a suitable warning indicator 23, 
for example an audible warning device and/or a 
lamp. If desired, override switch means 24 can be 
arranged to sense any manual operation of one or 
more of the clutch, brake and accelerator controls 

15 of the vehicle and to then initiate overriding dis- 
engagement of the speed holding mode of device 

1 whatever the state of switch 22. 

The illustrated apparatus could be used for 
road vehicles as described but also for railway 

20 locomotives, particularly advantageously for road or 
rail vehicles having automatic transmissions (in 
which case the gear selection warning device may 
not be needed). The apparatus could also be used 
for boats and even aircraft. In the case of those 

25 propellor, fan or screw driven vehicle where speed 
control is by varying the blade pitch while the 
engine speed is automatically kept constant, the 
detent force generating device 6 would of course 
be coupled to the pitch control. 

30 The transduced parameters fed to device 1 are 

of course given only by way of example as is the 
parameter to be optimised. The transduced param- 
eters depend upon the parameter to be optimised 
and, even for a particular parameter, depend upon 

36 the kind of vehicle and may also be a matter of 
choice, made on an economic basis for example. 
Thus, some indication of a maximum economy 
accelerator position can be obtained from the inlet 
manifold pressure alone of a car engine and hence 

40 a simplified version of the illustrated apparatus may 
comprise only a transducer for this parameter. 

Instead of the linear stepper motor shown, the 
detent force generating device 6 could comprise a 
rotary stepping motor connected via a rotary/linear 

45 motion converter to shaft 5 or coupled to the pedal 

2 without rotary/linear conversion, for example di- 
rectly to the pedal at its pivot point. 

The invention is not limited to speed control of 
a vehicle. For example, in figure 1, the pedal 2 

so could be the clutch control pedal of a vehicle 
instead of the accelerator pedal and the device 1 
could sense the actual degree of engagement of 
the clutch itself and so energise the detent gener- 
ator 6 as to encourage operation of the pedal in a 

55 way which reduces wear and tear of the clutch. 
This would be particularly useful in a large vehicle 
such as a rear-engined bus with a remote control 
clutch. 
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The electric stepper motor which generates the 
desired movement resistance and detents and 
which may also be operable to drive the movement 
of a movable member, may be incorporated in an 
overall system such as that shown in figure 3 
where reference 100 indicates the feel unit and an 
energisation controller 101 is operable to supply 
driving/control signals for this unit on the basis of 
information received by the controller both from a 
position sensing device 102 coupled to the feel unit 
and from a suitable input/output interface unit 103 
which interfaces the overall system to external in- 
fluences. Thus, the position at which the moving 
member of the feel unit 100 in relation to the 
stationary member feels a detent force, and the 
magnitude of that force, may be controlled by the 
motor controller 101. The detent force may operate 
for a defined proportion of the available travel of 
the moving member at the same of a varying force 
level. Signals from external sources are sent to the 
electronic interface unit 103 and operated upon 
according to requirement, to produce signals for 
the motor control unit 101 which will define the 
magnitude, position and characteristic form of the 
detent For example in the case of an aircraft 
throttle box, the position of say a "MAX DRY" 
detent La a throttle position at which there is 
attained maximum thrust without say any afterbur- 
ning system or other thrust supplement system in 
operation, can be varied as a function of altitude. 

The controller 101 can be made operable to 
cause the base level "friction" force that resists the 
motion of the moving member to be increased 
when the throttle handle is in an idle position and 
signals are received at the interface circuit indicat- 
ing that the aircraft undercarriage is down and 
aircraft weight is actually on the ground. By such 
means it can be ensured that if, on landing, the 
aircraft is subject to sudden deceleration, the throt- 
tle handles are not thrown forward. It will be real- 
ised that the detent position(s) and feel force can 
be changed continuously as a function of vehicle 
speed, altitude or any other desired parameters or 
combination of parameters. 

In the apparatus of figures 1 and 2 the mover 
11 of the stepper motor has the electromagnetic 
windings and so power to drive the motor is ap- 
plied to the mover by way of flexible wiring. To 
avoid the need for such wiring and possible dam- 
age thereto consequent upon its bending as the 
mover moves, the motor could be adapted by 
incorporating the electromagnetic windings in the 
stator rather than the mover and therefore allow the 
drive power to be applied to the stator. 

The handle or grip portion of an aircraft 
throttle-box may incorporate control switches, for 
example a switch for operating a reverse-thrust 
mechanism of the aircraft In this case, and any 



other where switches and/or indicators are incor- 
porated in or connected to the movable control 
member of the control device, the need for wiring 
coupled to the movable member may be removed 

s by use of a wireless data transmission system 
between the mover and fixed data processing cir- 
cuitry incorporated in the unit for example moun- 
ted on the "stator" of the unit. Thus, as shown in 
figure 4, the switch information could be encoded 

to by circuit 104 onto an AC signal which is fed into a 
coil 105 mounted in the moving member and 
wound around magnetic bar 106 along which the 
moving member travels. Another coil 107 attached 
to the stationary member would also be wound 

is around the magnetic bar in a fixed position and 
would receive the encoded alternating signal and 
pass it to the data processing circuitry 108 for 
analysis. 

Data could be passed either from the moving 

20 member to the stationary member or from the 
stationary to the moving member in a multiplexed 
manner. Power for the circuitry in the moving 
member could be derived from the data transmis- 
sion signal used to communicate from stationary to 

25 moving member and, with the use of very low 
power electronic circuitry, could provide sufficient 
power during the communication between moving 
and stationary member. The power in the moving 
member would be replenished during the next 

30 transmission from stationary to moving member. 

It may be desirable for the control device such 
as a microprocessor based computer system which 
is controlling the stepper motor to receive an in- 
dication that the mover of the motor has in fact 

35 executed a step or series of steps commanded by 
the control device. For this purpose, application No. 
2,073,887A disclosed the idea of comparing the 
e.m.f. appearing across each motor winding with a 
waveform corresponding to what would appear 

40 across the motor winding if the commanded step 
were executed (this waveform is different to that 
which appears if the step is not executed because 
of the influence of movement-induced e.m.f.) 

As a further possibility, the execution or other- 

45 wise of a commanded step can be detected by 
coupling a strain-gauge to the motor stator or incor- 
porating such a gauge in the mover so as to sense 
the small strains and extraneous movements which 
occur in the motor elements during its operation. 

so Figures 5 and 6 of the accompanying drawings 

shows in diagrammatic form a control device which 
could form the basis of say an aircraft throttle-box. 
The device comprises a box 1 which, in plan, is 
rectangular and of which the top is curved with 

55 respect to axis 3 and has a longitudinally extending 
slot 4 in it Mounted to shaft 5a for pivoting move- 
ment about axis 3 is a lever 5 which extends out 
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through slot 4 and is there fitted with a grip handle 
or knob 6. Thus, the lever can be moved through 
the range of which the extremes are shown by the 
chain-lined representations of the lever. 

Mounted within box 1 next to lever 5 is the 
stator rod 7 of a linear stepper motor of the kind 
disclosed and illustrated in our patent application 
No 2.073.887A. The rod is fixed by having its ends 
8, which are stepped, entered into respective holes 
in the ends of the box. The moving element or 
'mover' 9 of the stepper motor has a projecting 
peg 10 which extends into a slot 11 in the lever 5. 
Thus, as the lever 5 is manually, moved, the mover 
9 moves with it along rod 7 and, if the mover 9 is 
driven along rod 7, it moves the lever 5. As in 
application No. 2.073.887A, during manual move- 
ment of lever 5, the stepper motor may be op- 
erable to provide a fixed, variable or programmed 
degree of 'feel' to the manual movement 

In order to transmit the control action to what- 
ever appartus is being controlled, e.g.the aircraft 
engine controller if the device shown is a throttle- 
box, an electronic or mechanical linkage or both 
can be provided. The device shown has both. The 
electronic linkage comprises any suitable kind of 
linear position encoder fixed in box 1 and including 
a fixed element 12 and a movable element 13 
coupled to motor mover 9. By way of example, the 
encoder could be an Inductosyn (Registered Trade 
Mark) type of encoder, a linear potentiometer, or a 
light-operated type of encoder. The mechanical 
back-up linkage includes a push-pull rod 1 4 
pivotably coupled to lever 5, the pivot pin 15 ex- 
tending through a slotted hole 16 in lever 5. 

As an alternative to what is shown, the position 
encoder could be a rotary position encoder couple 
to the lever 5, directly or via say a gear arrange- 
ment, at the pivot point 3. The mechanical linkage 
could also comprise any form of rotary coupling, 
say a gear drive belt and pulley, or a reel which 
winds up a Bowden cable coupled to lever 5 via its 
supporting shaft 5a . 

The device shown, with suitable modification 
possibly, could be used for various control applica- 
tions. For example, it could be adapted for foot- 
operation and then be operable for controlling the 
accelerator of . a road vehicle. 

Figures 7, 8 and 9 of the drawings show re- 
spective further control devices in diagrammatic 
form. In figure 3, a box 30 with a slotted top 
contains a rotary stepper motor 31 of which the 
rotor (not shown) is coupled to one end of a ball 
screw 32. The other end of the screw 32 is coupled 
to the input shaft of a rotary position encoder 33 
and the screw carries, engaged with the screw so 
that it moves back and forth along the screw when 
the. latter rotates, a rider member 34 having a grip 
fever 35 extending therefrom and out of the slot in 



the top of the box. As before then, motor 31 can 
rotate to move lever 35 and to exert the desired 
control action via encoder 33, the operation of the 
motor nevertheless being manually overridable by 
5 forced manual movement of the lever. Also, when 
the lever is being manually moved normally, the 
motor can provide the required degree or variation 
of feel to that movement. 

Figure 8 is similar to figure 7 except for the 
70 slight modification whereby the motor 31 is posi- 
tioned below screw 32 and is coupled thereto via a 
gear train 40 and the encoder 33 is coupled di- 
rectly to the motor shaft. 

A bail screw, which is a known item can have a 
75 very low coefficient of friction and is 'reversible* 
(i.e. if rotated it moves the rider and. if the rider is 
moved, the screw is rotated) even for quite fine 
pitches of the screw. Hence, such a screw is well 
suited to use in a control device as shown. The 
20 encoder used can be a muWtum encoder suitably 
chosen from say the range supplied by the firm 
Muirhead Vactric. 

As will be realised, the devices shown in fig- 
ures 7 and 8 can be configured in various ways 
25 whilst still retaining the feature of a rotary motor 
and screw rod, preferably a ball-screw, coupled to 
a rider which is in turn coupled to a manual operat- 
ing lever or knob. Figure 9 shows a box 50, again 
with a slotted top, and containing a rotary stepper 
30 motor 51 and a rotary position encoder 52 each 
coupled to a toothed-belt wheel 53. A toothed belt 
54 is entrained round the wheels 52 and couples 
them together and the belt is also coupled to a 
rider 55 from which a manual operating lever 56 
35 extends through the slot in box 50. 

Using rotary motors encoded is considered 
better than using linear devices because thereby it 
may be easier to carry out proper dirt and moisture 
exclusion sealing in the various components and 
40 the device as a whole. Also by using 'mulrturn' 
rotary components, resolution and such may be 
able to be improved and it may be easier, for 
example by proper use of gears, ball-screws and 
such, to obtain mechanical advantage enabling mo- 
4s tors and such to be smaller or less powerful. 

The control device of figure 10 comprises a 
lever 200 of which one end protrudes from a hous- 
ing 201 and is formed with a grip portion 203 and 
of which the other end, inside the housing, has 
50 affixed to it the rotor or mover part 204 of a 
segmental stepper motor, which motor also com- 
prises an arcuate stator 205. Respective curved 
surfaces 206 of the mover 204 and stator 205 face 
each other and are formed with pole teeth and the 
55 lever 200 is pivoted for movement about an axis 
207 at the centre of curvature of the surfaces 206. 
When energised by supply means (not shown), the 
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surfaces 206 move relative to one another or pro- 
duce a feel force between each other which pro- 
duces a corresponding movement or feel force for 
the lever 200. * 

Figure 11 shows diagrammatically an aircraft 
throttle box wherein a lever 301 is connected at 
one end to the shaft of a' rotary position encoder 
302 so that the lever can pivot about the axis of the 
encoder shaft. The encoder 302 is preferably of the 
multiple-channel type so as to give a plurality of 
position indicative output signals which normally 
are substantially the same - the object of course 
being to give a required degree of redundancy. 
The other end of the lever 301 protrudes from the 
throttle box housing (not shown) and is there fitted 
with a manual grip portion 303 which, in turn is 
fitted with a plurality of control switches, for exam- 
ple for bringing in the reverse thrust mechanism of 
the aircraft an so on. An intermediate portion of the 
lever 301 is pivotably connected to the f nut\ jug. 
the linearly moving female part, 304 of a recir- 
culating ball-screw assembly which also comprises 
a threaded rod 305 along which the nut moves 
when rod 35 is rotated. Rod 305 is coupled to a 
rotary stepper motor 306 via gearbox 307. As with 
previous embodiments described herein, the lever 
301 can be moved manually to exert a control 
action on* the engine of an aircraft in which the 
throttle box is fitted.in which case the stepper mo- 
tor 306, via gearbox 307 and the ball-screw assem- 
bly, can be so energised and controlled that it 
provides a controlled feel force resisting the man- 
ual movement and/or controllable or programmable 
detents, i ^.noticeably greater resistance to move- 
ment at certain positions within the overall range of 
movement of the lever. Also, the stepper motor can 
actually move the lever 301 under the control of 
the aircraft autopilot. 

In order to interface the throttle box to the 
autopilot computers, the engine speed control com- 
puter, and local controllers for the various items to 
be controlled by the switches on grip portion 303, 
an interface/control unit 310 is provided. This is 
powered by Its own dual redundant power supply 
unit 311 from respective independent aircraft power 
source channels A and B and it comprises a series 
of digital interface units 312 to 317 and central 
processor unit 318 which may comprise a micro- 
processor based computer system. The interface 
unit 312 interfaces unft 318 to the stepper motor 
and hence of course is constructed to provide 
appropriate energisation signals for driving the mo- 
tor as known in the art or for providing reduced 
level energisation signals to produce the aforemen- 
tioned feel and detent forces. The other interface 
units handle various control and information sig- 
nals. Thus, unit 313 is connected between the unit 
318 and the grip switches, unit 314 passes the 



position encoder signals to the unit 318 from en- 
coder 302,unit 315 transfers to the unit 318 from 
the autopilot or to the autopilot from unit 318 sig- 
nals indicative of whether the throttle box is in its 

5 manual or automatic state of operation, and the 
interface units 316 and 317 are respectively parallel 
input and output interfaces which connect the unit 
318 to aircraft data buses (not shown), these data 
buses also communicating with the aircraft auto- 

io pilot, throttle control computers and local control- 
lers as known in the art. 

The central processor unit 318 Is programmed 
to handle the transfer of signals between the var- 
ious interface units as necessary and to carry out 

75 the sequencing of the winding drive signals for the 
stepper motor to give the required direction and 
amount of movement. In autopilot mode, when a 
change in throttle position is required, the aircraft 
autopilot passes to the unit 318 a demanded ab- 

20 solute position of the throttle control grip. The unit 
318 then calculates the amount and direction of 
movement required to get the grip to that new 
demanded position from its present position and 
then outputs the appropriate drive pulse sequence 

25 to the motor. It also control the frequency of the 
pulse sequence to give a smooth movement, Le. 
with an initial increase of frequency up to some 
predetermined value then a constant frequency pe- 
riod and then a smooth reduction. As a result the 

30 movement comprises an initial acceleration phrase, 
an intermediate constant speed phase and then a 
smooth deceleration to a standstill at the new posi- 
tion. The calculation of the acceleration and decel- 
eration rates and times is done.so as to optimise 

35 the time taken to reach the new position without 
exceeding any predetermined maximum rates. The 
unit 318 also receives from the aircraft computers 
signals indicating the positions at which there are 
to be generated detents to manual movement of 

40 the control grip, and the level of resistance to 
movement which is to be encountered at those 
positions. If the throttle box is in manual mode, the 
unit 318 maintains a comparison of the actual grip 
position and the demanded detent position(s) and, 

45 if and when the grip is moved through a detent, it 
initiates an increased motor energisation level to 
give the desired detent resistance. The demanded 
detent position is calculated by the aircraft com- 
puter on the basis of say instant navigation and 

so operating parameters of the aircraft 

For a throttle box comprising a linear stepper 
motor of the kind illustrated in say figure 2 herein, 
the interface/control unit could be as shown in 
figure 12. This unit is again energised by a dual 

55 redundant power supply 401 and interfaces the 
throttle box input and output data buses (preferable 
multiple channel buses to give a degree of redun- 
dancy as known in the art) which communicate with 
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the aircraft autopilot and throttle control computers. 
The throttle box position encoder 402 is shown as 
a block and can be of any suitable form, acj. a 
linear potentiometric type of device as shown in 
figure 2, and the position indicative signal there- 
from is fed to an encoder Jogic unit 403 which in 
turn feeds an output data bus interface unit 404 
and a direction sensing and 
acceleration/deceleration control unit 405. The unit 

405 is interposed, along with a detent logic unit 

406 and force control unit 407 between a parallel 
input interface 408 for the input data bus and a 
motor drive logic unit 409 which actually provides 
the energisation signals for the throttle box stepper 
motor. The unit 405 provides, in any automatic 
movement of the motor, acceleration and decelera- 
tion phases to ensure smoothness of that move- 
ment and also determines the direction in which 
the motor must move in order to get the grip 
portion of the throttle box from its instant position 
to a new position demanded by the aircraft com- 
puter via the input bus and interface 408. When in 
the manual mode, the unit 405 also senses the 
direction of any manual movement of the grip, i.e. 
by sensing the direction of change of the position 
encoder signal, and controls the drive logic 409 to 
ensure an appropriate energisation sequence of the 
motor windings either for generating the required 
resisting feel force or, possibly, if the pilot prefers 
it, an assisting force which reduces the manual 
force required to move the grip. The force control 
unit determines the general level of energisation of 
the motor windings in response to aircraft computer 
supplied signals indicative of the general feel force, 
detent force and/or movement forces required, 
while the detent logic unit senses when the grip is 
being manually moved through a detent position 
(which detent position has been communicated to rt 
by the aircraft computer) and then initiates the 
production of the winding energisation level appro- 
priate to generate the detent. 

As will be appreciated, in either of figures 11 
and 12, any desired level of redundancy may be 
incorporated. For example, in figure 1 1 each output 
channel of the encoder could be coupled to a 
respective separate interface/control unit like the 
one shown, each unit incorporating its own central 
processor unit 

As shown diagrammaticaily in figure 13. a 
potentiometric position encoder for use in an air- 
craft throttle box comprising a linear stepper motor 
524 could have five potentiometers 506 to 510 
each consisting of a resistive track and a conduc- 
tive track bridged by a wiper. The wipers are 
ganged together to move with the moving element 
of the linear stepper motor. A reference voltage is 
applied between the ends of the resistive strip of 
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each potentiometer so that there appears on the 
corresponding conductive strip an output voltage 
dependent on the position of the slider and hence 
on the position of the moving element of the motor, 
s The reference voltage for each potentiometer is 

obtained from a duplex supply arrangement com- 
prising two independent reference generators 520 
and 521 fed by independent power feeds 522 and 
523 of the aircraft. The potentiometers 506 and 507 

70 are fed from the generator 520 while the poten- 
tiometers 508 to 510 are fed from generator 521. 
The output signals DD0 from the potentiometers 
506 to 509 are led off to an interface/control unit 
(not shown) which communicates with local engine 

75 controllers (not shown). Meanwhile, the output from 
potentiometer 510 is used as a feedback signal for 
controlling the motor 524. Accordingly, this signal 
is digitised by analogue to digital converter 525 
and then fed to a control circuit 526 along with a 

20 signal APD from the aircraft autopilot (not shown) 
and representing a level of engine thrust demand- 
ed by the autopilot. Using these signals, the control 
circuit 526 is able to feed trains of drive pulses to 
the motor 524 via a power output stage 527 of 

25 circuit 526 so as to move the throttle lever accord- 
ing to the autopilot demand, each train of pulses 
preferably including an initial portion in which the 
pulse repetition rate is ramped up and an end 
portion where it is ramped down again so that the 

30 motor movement comprises a smooth combination 
of an acceleration phase, a constant-speed phase 
and a deceleration phase. At the same time, the 
circuit 526 may receive a signal from a pilot's 
control device 528 to set the standing energisation 

35 level of the motor windings and hence the resis- 
tance to manual movement of the throttle lever. 
Also, the circuit may maintain in store a record of 
the throttle lever position and, at certain positions, 
increase the winding energisation so as to provide, 

40 electrically, detents at these positions. The circuits 
may also respond to a predetermined value of 
signal APD, the value zero for example, indicating 
that the autopilot is switched off and to then set 
itself into a manual mode in which it dies not 

45 output drive pulses to motor 524 but still maintains 
in store a record of the throttle lever position as the 
lever is manually moved by the pilot and controls 
the standing and detent energisation of the win- 
dings. 

so The possibility has been mentioned earlier 

herein of using, in control apparatus as described, 
a linear stepper motor in which the electromagnetic 
drive windings are incorporated in the motor stator 
rather than the mover. Also, mentioned was the 

55 possibility of using some form of wireless transmis- 
sion, like that shown in figure 4 hereof for example, 
in order to extract control signals from switches 
mounted on the movable member or lever of the 
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control apparatus. In each case, the object was to 
avoid the need for cables to extend from the mov- 
able member and/or the motor mover to a fixed 
point of the apparatus. On the other hand, as will 
be readily apparent the use of such flexible cables s 
beacuse of its simplicity as compared to say wire- 
less transmission may well be substantially ad- 
vantageous. In this connection, it will be further 
noticed that embodiments of the invention de- 
scribed herein where the movable control member to 
has an arcuate movement as shown in figures 5 
and 6 or figure 10 or 11 say, are advantageous as 
compared to the 'linear' embodiments of say fig- 
ures 7, 8 and 9. The reason for this is that the 
conductors from the grip mounted control switches 75 
and/or from the motor mover can be led down 
along the movable member and then made the 
transition across to a fixed part of the apparatus at 
or near to the point where the movable member is 
pivotably mounted. At this point, the amount of 20 
movement which has to be taken up and hence 
also the length of the free or flying' portion of each 
conductor, is much less. Thus, as shown in figure 
6, a winding supply cable 601 from the motor 
mover 9 can have a short'free' portion 602 extend- 25 
ing between the mover 9 and the member 5, then a 
portion which is fixed to or extends inside the 
member 9. and then a further 'free' portion 603 
extending from the member 9, reasonably close to 
the pivot axis 3, over to an exit aperture in the base 30 
of housing 2. One or more further cables (not 
shown) could extend along the member 5 between 
the exit aperture and control switches (not shown) 
mounted on or near the grip portion 6. 



Claims 

1. A control device for controlling associated 
equipment, the control device comprising a fixed 40 
support (1), a manually movable control member 
(5), output means (14) for transmitting a control 
action to said associated equipment dependent 
upon the position of the control member, an elec- 
trical stepper motor connected between the control 45 
member and the fixed support, and a computer for 
energising said motor to generate a controlled feel 
force resisting the manual movement of the control 
member and/or a noticeable increase in resistance 
to movement of the control member through one or so 
more discrete detent positions in its overall range 
of movement, characterised in that the control 
member (5) is an elongate lever pivotably con- 
nected to the support (1) and said motor is a linear 
stepper motor with a fixed elongate stator (7) con- 55 
nected to the support and mover (9) supported by 
the stator for linear movement therealong and 
pivotably connected to the control lever at a posi- 



tion on the control lever spaced from that of its 
pivotable connection to the support (Figures 5 and 

6). . 

2. A control device according to claim 1, 
wherein said support (1) takes the form of a hous- 
ing which encloses said stepper motor and part of 
said control lever, a further part of said control 
lever extending from said housing by way of an 
aperture (4) therein and this further part being 
provided with a portion (6) adapted for being con- 
veniently engaged by a human operator. 

3. A control device according to claim 2, 
wherein said portion of said control lever comprises 
a hand-grip portion and wherein there is mounted 
on said control lever, at least near said hand-grip 
portion, one or more control switches. 
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O© Control apparatus comprising a lever, foot pedal 
|^or other operating member which is coupled to an 
JJJ electrical stepper motor operable, under the control 
of a computer say, to generate detents and feel 
forces resisting the movement of the member and 
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thereby impart information to the operator. For ex- 
ample, a detent or position of marked resistance can 
be introduced into the movement range of say a car 
throttle pedal to indicate to the driver a pedal posi- 
tion giving optimum economy of fuel. The detent 
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position can be changed within the overall range of 
pedal movement in dependence upon instant driving 
parameters such as speed. As well as detents, pro- 
grammed and/or external condition dependent feel 
forces can be generated. 
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